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Objectives: To evaluate the accuracy of colour Duplex ultrasound scanning compared to angiography in the diagnosis 
of renal artery stenosis. 
Design: A prospective study. 
Materials: A selected series of 53 unselected patients, who had both sonography and angiography. 
Methods: Sonographic examinations were performed by the same operator, who was unaware of angiographic results. 
Angiography was interpreted without knowledge of the sonographic findings. Peak systolic velocity and acceleration time 
were sonographic riteria. In contrast to the other studies, inadequate xaminations were not repeated, nor drawn out 
from analysis. 
Results: On 112 arteries visualised by angiography, 103 were detected by sonography. Feasibility was 78.6% for complete 
examinations. On 16 stenoses identified by angiography, 12 were detected by sonography, leading to a 75.0% sensitivity 
and a 100% specificity. 
Conclusions: This study was elaborated with a pragmatic attitude similar to clinical practice, and the results achieved 
were equal to those of other series. Accessory arteries are poorly visualised; limits of this technique are due to the operator's 
training and patient's poor condition for undergoing sonographic examination. These limiting factors mean a loss of 
sensitivity, which precludes a diagnostic decision, when the result is negative. 
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Introduction 
Renal artery stenosis (RAS) is the most common cause 
of correctable hypertension. The prevalence of re- 
novascular hypertension (RVH) represents 1%-5% of 
all cases of hypertension. 1-3 The prevalence of re- 
novascular disease (RVD) in patients with peripheral 
atherosclerotic disease is not well known, but may be 
present in 25-30% of patients. 4 To identify renal artery 
stenosis, the current gold standard is renal angio- 
graphy, which allows direct and objective visu- 
alization. 5 Other screening methods are not sufficiently 
accurate. 6-8 
Recent advances in colour Duplex ultrasound (US) 
scanning can be applied in renal arteries, providing 
structural nd functional informations on the stenosis. 9 
The literature shows a range of sensitivity and speci- 
ficity of the method, so we purposed in this report to 
evaluate prospectively the detection accuracy of colour 
* Address correspondence to: A. Branchereau. 
Duplex US in the diagnosis of renal artery stenosis 
compared to angiography. 
Material and Methods 
We performed a prospective study on a series of 
patients who were examined both "with angiography 
and colour Duplex US. The study population was 
unselected and did not show any pretest likelihood of 
renal artery disease. All patients were not necessarily 
hypertensive, nor had they clinical or biological signs 
of renal insufficiency. The only indication for inclusion 
was angiography for vascular disease. Patients were 
randomly included in the study. Fifty-three patients 
were included between 1 January 1994 and 30 April 
1995:46 males and seven females, ranging in age from 
33 to 88 (mean age: 65.4_+ 13.4). All subjects underwent 
both aortography and colour Duplex US. The study 
population is described in Table I. A total of 52.8% of 
patients demonstrated only one pathology, 26.4% of 
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Table 1. Description of the study population, according to the 
patient's vascular pathology indicating the aortography. 
Pathology N % 
Peripheral' therosclerosis 34 64.1 
Abdominal aortic aneurysm 10 18.9 
Hypertension ÷/ associated renal 9 17 
insufficiency 
Total 53 100 
N = number of patients. 
them had two concomitant pathologies, and 20.8% had 
three or more. 
Angiography was performed by a radiologist and 
reviewed by a single medical practitioner unaware of 
the results of the sonographic findings. The degree of 
stenosis was estimated by visual examination and 
the number of multiple renal arteries were recorded. 
During the same hospitalisation patients underwent a 
colour Duplex US, before or after aortography per- 
formed by the same experienced medical practitioner. 
This person was unaware of the results of angiographic 
findings. Our series of patients was not consecutive, 
as inclusion depended on the avaibility of one operator, 
who was present one half day per week. 
The patients were fasted and examined supine and 
in the lateral decubitus position. All subjects were 
scanned with an Ultramark 9 HDI colour Duplex 
ultrasound machine (Advanced Technology Laborat- 
ories, Bothell, WA, U.S.A.), using a phased array trans- 
ducer with a 2.0-3.0MHz imaging probe and a 
2.0 MHz pulsed Doppler. 
At first, abdominal aorta and both kidneys were 
examined and measured. Then the operator visualised 
the renal arteries and evaluated velocities at the ostium 
and at the hilum; if the flow recording was not possible 
at the ostium, the artery was examined on its proximal 
portion. Once the renal arteries were correctly iden- 
tified, the Doppler measurement was taken at as close 
to a 60-degree angle as possible. An examination was 
considered as adequate when proximal flow was ex- 
amined, and inadequate if only peripheral flow was 
studied. When the operator detected a stenosis, he 
measured velocities on the level of stenosis and distal 
to stenosis. The average time for completion of renal 
arteries onographic examination was less than I h. 
For the diagnosis of renal artery stenosis, we chose 
to evaluate the peak systolic velocity (PSV) and the 
acceleration time (AT), which have been proposed in 
several studies. 9-12 The PSV was the measure of the 
maximum velocity of blood flow during systole, and 
corresponded to the main diagnostic criteria when 
evaluated on the level of stenosis. The AT was the 
measure of the systolic ascension time of the curve to 
Table 2. Threshold values of sonographic riteria for a renal artery 
stenosis, measured on level of stenosis and distal to it. 
Level of stenosis Distal to stenosis 
PSV AT PSV AT 
(cm/s) (ms) (cm/s) (ms) 
50-99% Stenosis >150 >50 <30 >50 
PSV=peak systolic velocity; AT=acceleration time. 
reach maximum peak velocity. According to haemo- 
dynamical principles, the PSV and AT increase as an 
artery narrows, on the level of stenosis. However, as 
there are no accepted criteria, we proposed to classify 
the renal artery narrowing according to our own cri- 
teria described in Table 2. These criteria, which were 
measured on and distal to the stenosis, allow a com- 
plete evaluation of the haemodynamical consequences 
of a stenosis. At the stenosis, if the PSV was more than 
150 cm/s  it indicated 50%-99% stenosis. The value of 
AT more than 50 ms was an additional feature to 
diagnose a stenosis, but this criterion was not sufficient 
in itself if the PSV was under 150 cm/s.  Distal to the 
stenosis, PSV and AT were less valuable and could 
only suggest a stenosis when the PSV was very low 
and under 30 cm/s,  and the AT was more than 50 ms. 
Other accessory qualitative criteria were used to help 
diagnose whether a stenosis could be spectral broad- 
ening (turbulences), absence of systolic notch, or ab- 
sence of flow during diastole. 12'13 To evaluate this new 
method we calculated the diagnostic value of colour 
Duplex US by using the following parameters: the 
sensitivity (Se), the specificity (Sp) and the positive 
and negative predictive values (PPV and NPV, re- 
spectively). Analysis of diagnostic riteria compared 
the mean values of PSV and AT between stenotic and 
non-stenotic renal arteries, on proximal and peripheral 
flows, using unpaired Student's t-tests. 
Results 
In our series of 53 patients, angiography visualised 
104 kidneys (two patients had only one kidney) and 
112 renal arteries: 104 main and eight accessory ar- 
teries. These multiple renal arteries were observed in 
seven (13.2%) patients. Colour Duplex US identified 
103 renal arteries and failed to detect nine arteries. 
None of the eight anomalous renal arteries could be 
seen by sonography. One main renal artery was not 
visualised because the kidney and its artery were not 
in the usual anatomical position. Among the remaining 
103 arteries detected by colour Duplex US, 88 arteries 
were adequately examined (i.e. when proximal flows 
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Table 3. Angiographic results of the 112 renal arteries, in the 53 
patients explored. 
Angiographic 
diagnosis 
Visualised 0-49% stenosis 96 
arteries 50-99% stenosis 16 
Total 112 
Table 4. Sonographic results of the 112 renal arteries, in the 53 
patients explored. 
Sonographic 
diagnosis 
Not visualised arteries 9 
Visualised 0-49% stenosis 91 
arteries 50-99% stenosis 12 
Total 112 
29.4+2.75cm/s;  p=0.01), whereas AT did not sig- 
nificantly fluctuate on proximal flows (33.33 + 1.43 cm/  
s vs. 39+4.1cm/s ;  p not significant). However, on 
peripheral flows we observed a more important fluc- 
tuation of AT, but the difference was not significant 
(39.9 + 3.42 cm/s  vs. 51.6 + 6.46 cm/s;  p not significant), 
probably because of a lack of statistical power. 
could be recorded) and 15 arteries were inadequately 
analysed (i.e. when only peripheral flows were re- 
corded). All patients were examined once only, even 
if the examination was inadequate and difficult to 
perform, and all examinations (adequate and in- 
adequate) were kept in the analysis. 
We obtained a feasibility of 78.6% for an adequate 
examination by colour Duplex US. The most common 
reason for technical failure was the patient's un- 
suitability for abdominal sonographic examination 
(obesity, excess bowel gas, etc . . . .  ). Angiography iden- 
tified 16 stenoses equal to or greater than 50% lumen 
reduction and 96 normal vessels or with a less than 
50% stenosis; there were no occluded vessels in this 
series. With colour Duplex US the operator found 12 
stenoses equal to or greater than 50% and 91 normal 
vessels with a less than 50% stenosis, and failed to 
detect nine arteries. The four false negatives were 
described as follows: in one case only peripheral flow 
could be sampled; in one case the examination, while 
adequate, was not considered to be reliable by the 
operator because of the patient's obesity; in one case 
the stenosis was located on an anomalous artery; and 
in one case the stenosis was located on a main artery 
which was not seen by the operator because it was 
not located in the usual anatomical position. 
Using a 50% stenosis as the diagnostic riteria, we 
found that colour Duplex US had an overall Se of 
75.0%, a Sp of 100%, a PPV of 100% and a NPV of 
96.0% (see Tables 3 and 4). These results took into 
account he inadequate xaminations, which were in- 
cluded in our analysis. 
Patients with angiographically demonstrated sten- 
osis showed a significant increase of PSV on proximal 
flows (92.16+3.99 cm/s  vs. 254+46.6 cm/s;  p<0.001) 
and on peripheral flows (47.9+2.75cm/s vs 
Discussion 
Many authors have evaluated the use of colour Duplex 
US, compared to angiography, in the detection of renal 
artery stenosis. We reviewed the published data and 
observed a wide spread in the results. Some method- 
ological problems account for this discrepancy. In some 
studies 1°'Im4-19 methodological criteria were not precise 
or were inaccurate, and so could not be evaluated. 
Some other trials used sonographic diagnostic riteria 
that were not validated} °'13'15 
Among the remaining studies, 12"2°-24 colour Duplex 
US showed a Se which ranged between 0 and 98%, 
and a Sp which ranged between 37 and 98% (see Table 
5). Except for two trials 2°'23 which obtained a very bad 
Se of 0% (due to a too low PSV threshold and a frequent 
occurence of anomalous accessory renal arteries), the 
others  mm'22'24 reached an 84-98% Se and a 73-98% Sp. 
However, these studies did not take into account 
inadequate xaminations and the test was often rep- 
licated several times. Whilst some authors evaluated 
PSV and renal aortic ratio (RAR), (as diagnostic ri- 
teria) both of which are velocity criteria, we used PSV 
and AT. This choice allowed a more complete study 
of the haemodynamical consequences of a stenosis, as 
two parameters were evaluated: a velocity and a time. 
Moreover, these criteria were measured in two dif- 
ferent locations: on the level of stenosis and distal to 
it. According to our criteria described in Table 2, our 
results showed a significant difference for PSV on 
proximal and peripheral flows, while AT appeared 
less useful because it did not significantly fluctuate, 
neither on proximal nor peripheral flows. In difficult 
cases, diagnosis of stenosis may be helped by qual- 
itative criteria such as the presence of turbulence, 
absence of flow during diastole, and absence of a 
systolic notch distal to the stenosis leading to a de- 
modulated flow. This underlines that diagnostic de- 
cision is not mathematical, but it is based on a crowd 
of variables, which only a well trained operator is able 
to interpret. Contrary to other published series, this 
present study was performed with a pragmatic ap- 
proach close to the common clinical practice. More- 
over, our purpose was to detect renovascular disease 
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in patients who did not have a high pretest likelihood 
of RVD. Our study confirms the limits of the US 
technique. The detection of accessory renal arteries 
appeares nearly impossible with colour Duplex US, 
and this led to a limitation of the technique. Good 
technical conditions are crucial, as this test remains 
dependent on the quality of the machine, the patient's 
suitability for undergoing sonographic examination, 
and adequate time to perform the procedure. 
Using this pragmatic approach, we obtained a Se 
and a Sp close to those of the other series. These good 
results are obtained by having a well trained operator. 
The results lead to practical problems. As we reached 
a Sp of 100%, we can conclude that a positive result can 
lead to a diagnostic decision. However, we obtained a
Se under 100%, which means that a negative result 
cannot lead to a diagnostic decision. 
Conclusion 
Using a pragmatic approach, we obtained very good 
results using US to detect RAS, which will live up to 
clinician's expectations. This test failed to detect he 
anomalous renal arteries, leading to a limited sensi- 
tivity. Other factors, such as the operator's training 
and the patient's suitability for undergoing US ex- 
amination, may also interfere. On the other hand, the 
diagnostic decision can only be taken when the result 
is positive (i.e. Sp of 100% in our series), whilst a 
negative result is less helpful. 
With its limitations, Duplex US appears to be useful 
in the diagnosis of significant RAS. 
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